significant creation of snowpack, especially mountain locations.
It has been proved through long-term measurements that parameters of the snowpack (snow depth, snow water equivalent) are always higher in open space than in spruce stands, namely by 15-50% (Brechtel 1984; Imbeck 1984; Brechtel et al. 1984; Ernstberger, Sokollek 1984; Kronfellner-Kraus, Schaffhauser 1984) . On the other hand, snow water equivalent in beech stands is the same or even higher than in open space (Brechtel 1984) . The snow melting rate is unambiguously higher on clear-cut areas and thus, it is possible to conclude that the forest exerts significant effects on the retardation and prolongation of the spring snow melting. Similar results were also proved in later studies (Mayer et al. 1997; .
Generally, forest soils are in so far permeable that they are able to receive all water from snowmelt including potential rainfall without the origin of surface runoff. In mountain locations of Central Europe, freezing of the soil is quite exceptional because of the occurrence of early and continuous snow cover and practically not affecting soil retention (Schwarz 1984) . Even in Finland, freezing of the soil is negligible in forests as well as on clear-cut areas if snow falls already in autumn and maintains a sufficient depth (Kubin, Poikolainen 1982) .
In the Czech Republic, Zelený (1954) referred to the exceptional importance of snowpack as early as in the 50 th of the last century. Results of snow measurement studies in the Beskids showed that the snow depth was on average 63% higher in beech stands and the snow water equivalent 75% higher than in spruce stands.
In the Orlické hory Mts. on the Šerlich mountainside, Krečmer et al. (1971) investigated parameters of snowpack in a mature fully stocked spruce stand within the research into water regime of regeneration cuts. In the course of snowfall in spruce stands, the interception of solid precipitation occurred in crowns of trees representing up to 40% of new snow. Snow observations showed that about 3/₄ of that initial interception loss reached the ground. Krečmer (1973) also reported that coniferous mountain forests retained snow for a substantially longer period than the open area and that they participated effectively in the prolongation of the period of spring runoff.
In the Orlické hory Mts. at the Deštné field research station, the accumulation and intensity of snow melting have continually been studied within a broad research programme in an experimental spruce and beech stand since the winter season 1976/1977 . Results of these studies were published in three original scientific papers (Kantor 1979 (Kantor , 1988 Kantor, Šach 2002) . Due to the different interception process of snow precipitation in the spruce and beech stands, snow depth and snow water equivalent were always higher in the leafless broadleaved stand. At the same time, it has been proved that the rate of snow melting is always significantly higher in beech (Kantor 1988) .
The presented paper is the fourth report analyzing the depth/weight investigation of snowpack at this field research station. It includes three winter seasons: 2005/2006, 2006/2007 and 2007/2008 .
Characteristics of the field research station and methods of the study
The field research station was established in 1976 in a mature spruce and beech stand in the district of Deštné in the Orlické hory Mts. Since 1. 11. 1976, all components of the water balance of both stands have been studied in an uninterrupted series (interception, transpiration, evaporation, overland flow, lateral flow of water through soil (interflow), vertical flow to bedrock, soil water content, and snow measurement). Both stands are situated near apart from each other on a WSW slope, mean inclination 16°, altitude 890 m. The depth/weight measurement of snowpack in the mature spruce and beech stands was carried out in five successive winter seasons (1976/1977 to 1980/1981) . In winter 1981/1982, both stands were clear cut and in the following year, planned harvest cutting was concentrated also into neighbouring stands. New clear cuts of an area of about 20 ha were reforested by spruce and beech immediately after logging.
Since 1982/1983, the uninterrupted study of particular components of the water balance of both tree species has continued in newly established stands. Thus, the 32-year remarkable series of findings is available on the water balance of spruce and beech in mid-mountain locations at present. Detailed methodology and results of studies have already been published in a number of papers (e.g. Kantor 1984 Kantor , 1995 . In winter and in the period of spring melting, overland and lateral flow of water through soil (interflow) was also measured on runoff plots of a size 20 m 2 in both stands. The presented study shows only a fragment of those results, namely the comparison of snow measurement studies in a young spruce and a young beech stand (age 25 to 27 years) in winter seasons 2005/2006, 2006/2007 and 2007/2008. The process of snow accumulation and melting was markedly affected or disturbed in the assessed period by the practically total damage to the spruce stand due to top breakages in winter 2005/2006 in consequence of extreme load by wet snow. Snowstorms (e.g. in the first decade of February 158 mm, in a week from 6 March to 13 March even 182 mm) damaged up to 98% of spruce trees. In some cases, it referred only to top breakages but in about 50% of trees only 2 to 3 whorls of branches remained living on tree stems.
The beech stand was disturbed to a substantially lesser extent. Due to the snow load, about 10% of subdominant trees with the unfavourable slenderness ratio were bent or broken irreversibly. These trees were already removed from the stand. Thus, the situation in the spruce stand has to be taken into account at interpreting and analyzing results of depth/weight measurements of the snowpack.
For the actual measurement of snow a verified standard method of sampling snow by the depth/ weight snow core measurement device was used (the sampler circular cross section 50 cm 2 ). In all three winter seasons, snow core samples were taken in weekly intervals always from five sites (3 samples from each of the sites) in a spruce and beech stand. The depth of the samples was measured, their weight was determined and the snow water equivalent and snow density were calculated.
Moreover, in spring 2006 in the period of final snowmelt, with respect to the extremely deep snow cover a daily frequency of measurements was used from 10 April.
In winter seasons 2006/2007 and 2007/2008 , the measurement was extended by snow sampling even in open space.
Precipitation was measured with a rain gauge of circular cross-section 500 cm 2 on two "open areas" (stand gaps 20 × 30 m and 30 × 50 m) in the immediate vicinity of both stands. In the periods of snow accumulation when the air temperature did not exceed 0 degrees C, precipitation could be simultaneously determined also from differences in the snow water equivalent.
Differences in the snow water equivalent in the spruce and beech stands were statistically evaluated by paired t-test for dependent samples. During the whole period, the snow depth in spruce was always a little lower (by 1 to 13 cm) than in beech (see Fig. 1 ).
ReSulTS And diSCuSSiOn
The snow water equivalent showed a similar trend like snow depth in the assessed season (see Fig. 2 ). From the aspect of hydrologic efficacy, this parameter shows a higher informative value than the snow depth. From the initial value at the first measurement on 22. 11. 2005 (spruce 24.8 mm, beech 28.4 mm) it Table 2 . Relatively small (at the limit of statistical significance) differences in depth but particularly in the snow water equivalent in both compared stands can be considered to be the most important and somewhat unexpected finding from depth/weight measurements in the period of snow accumulation at the Deštné field research station in winter 2005/2006. Because of the important interception of even winter precipitation in spruce stands, both basic values of snow are generally markedly higher in the leafless beech stand (Zelený 1954; Brechtel 1984 ). This fact is also documented by data from Table 2 (Kantor 1988). In our case, high values of the snow depth and snow water equivalent in the coniferous stand can be ascribed to the already mentioned extensive snow breakage when due to top and stem breakages the biomass of crowns was reduced by about 50%. Subsequently, under the crowns of spruce stand, such an amount of solid precipitation occurred that was practically comparable with solid precipitation in the beech stand.
The period of snow melting (from 13. 3. to 28. 4. 2006)
The period of snow accumulation culminated at the field research station Deštné in the assessed winter season in mid-March (13. 3. 2006) when maximum values of snow depth were recorded in both stands (spruce 157.2 cm, beech 164.1 cm) as well as of the snow water equivalent (spruce 819.0 mm, beech 832.7 mm).
The second half of March (13. 3. to 27. 3. 2006) was already characterized by the gradual melting of snow, which was relatively very intensive particularly from 13. 3. to 20. 3. 2006 (spruce 41.8 mm, beech 40.3 mm daily) (see Table 3 ).
The depth of snow decreased by 33.7 cm to 123.5 cm in spruce until the end of March, in beech by 31.0 cm to 133.1 cm. Nevertheless, the snow water equivalent decreased very markedly in this period, in spruce by 335.1 mm to 483.9 mm, in beech by 312.4 mm to 520.3 mm. In both stands, roughly the same amount of snow melted away. In the spruce stand, the rate of snowmelt was slightly higher in this period. From the aspect of hydrologic efficacy assessing the form of runoff from melting snow is, however, substantially more important. Thus, the fact when in a coniferous as well as in a broadleaved beech stand quite a decisive part of water from melting snow flowed through unfrozen soil to underlying rock and discharged to the drainage system practically without damage can be considered to be exceptionally important. Overland flow including the lateral flow of water through soil ranged at a level of about 13 to 16 mm in both stands for the whole March 2006.
The snow melt continued depending on the course of weather also in the first two decades of April. An important turnover in the process of snow melting in both stands occurred between 27. 3. and 10. 4. 2006 when because of the radiation type of weather snow began to melt away more intensively in the leafless beech stand (19.3 mm per day) than in the spruce stand (13.4 mm per day).
At the beginning of the final period of melting on 18. 4. 2006, the snow depth was decreased to 67.5 cm in spruce, to 46.8 cm in beech and the snow water equivalent in the spruce stand was reduced to 275.1 mm and in the beech stand to 228.3 mm.
In line with the presented and approved methodology, the daily frequency of data collection was used in the final period of snow melting from 18. 4. 2006. All basic data from this period are given in Table 3 and Figs. 3 and 4 .
In spruce, the snowpack melted until 24. 4. with a favourable low intensity from 6.8 to 18.2 mm/day. In the beech stand, the rate of melting was significantly higher, particularly on 23. and 24. 4. 2006 (44.0 or 48.6 mm/day, respectively).
The most intensive melting of snowpack in the spruce stand was registered at the last measurements since 24. 4. when the rate of snowmelt ranged from 42.6 to 47.0 mm/day. At that time, the continuous snow cover in the beech stand decreased and the last snow melted away on 25. 4. 2006 in evening hours. In the spruce stand, the last remainders of snow melted three days later, in the evening 28. 4. 2006 .
Similarly like in March, also in April practically all water from melting snow infiltrated to the underlying rock. Only 16 mm water in spruce and 17 mm in beech flowed out in the form of overland flow in the last winter month. 27.12. 9. Table 2 Snow began to melt on the experimental plots in the assessed winter on 5. 3. 2007. In the first ten days, the rate of snow melting was very low -in spruce on average only 2.3 mm/day, in beech 3.1 mm/day and in the open area 2.9 mm/day. Also in next days, snow melted rather slowly, in a period from 15. 3. to 28. 3. in spruce and beech on average 6.6 to 6.8 mm/day, in the open area only 5.2 mm/day. All snow melted in both stands on 30. 3. 2007 at the mean rate of melting 30 mm/day at the most. In the open area, snow 
Winter season 2007/2008
Similarly like in previous seasons, basic parameters of the snowpack during winter 2007/2008 are given in Table 5 and in two diagrams (Figs. 7 and 8 ).
Generally, it is possible to evaluate the winter season 2007/2008 as the season with above-average precipitation, nevertheless, the snowpack depth in both stands did not exceed 30 to 40 cm during the snow accumulation and the snow water equivalent was only exceptionally higher than 140 mm. The predominating type of weather was cyclonal with the frequent fluctuation of temperatures above and below the freezing point and numerous temporary periods of thawing. The total number of days with the cover of snow was, however, relatively high -in spruce and in the open in total 140 days, in beech 134 days.
Figs. 7 and 8 show that the snow depth as well as the snow water equivalent was highest in the open area throughout the winter season but with some exceptions. No substantial and significant differences in the snowpack parameters were found between the spruce and beech stands in the majority of measurements. The first snow was noted at the Deštné field research station in the assessed winter season unusually early 6. 11. 2007 . At the turnover of the 2 nd and the 3 rd period of November, the snow water equivalent in both stands amounted to 88 to 100 mm, in the open area even to 108 mm. Nevertheless, within next three days, all snow melted and the cyclonal type of weather predominated practically exclusively with rainfall until 22. 12. 2007.
New snow was noted as late as at measurements carried out on 28 December 2007. At rich snow but also with rain mixed precipitation in the course of January, the snow depth as well as the snow water equivalent gradually increased till they reached its During the following week, the snow melting intensity was favourable. In spruce, it was only 3.5 mm per day, in beech 8.3 mm/day and in the open area 11.7 mm/day. In the next week from 11. 4. to 18. 4., the snow melting was reduced at very low air temperatures or quite interrupted in the open area.
In the final stage of melting in the last decade of April, the snow melting rate in spruce reached about 26 mm/day, in beech about 28 mm/day and in the open area maximally 37 mm/day. All snow melted in spruce and in the open area on 27 April, in beech 6 days earlier, namely on 21 April 2008.
Similarly like in previous winters the fact that quite a predominating part of water infiltrates to the underlying rock and then drains away without any damage can be considered to be the most important finding.
These conclusions agree with findings given in studies of Krečmer et al. (1971) , Kubin and Poikolainen (1982) , Schwarz (1984) , and other authors. The surface runoff with possibilities of erosion and subsequent danger due to stormflows is not serious when the overland flow did not exceed 3 to 4 mm either in spruce or beech in April 2008.
SuMMARy And COnCluSiOn
As for winter seasons assessed in this study, depth/ weight measurements of snow carried out in winter 2005/2006 show quite an exceptional informative value. At the Deštné long-term field research station in the Orlické hory Mts., these seasons were characterized by the extreme duration of the continuous snow cover (beech 157 days, spruce 160 days). From the aspect of precipitation they were markedly above-average (total precipitation from 1. 11. 2005 to 30. 4. 2006 1,203.7 mm) .
